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CHAPTER 1:

INTRODUCTION

The elucidation of the chemical mechanisms involved in enzy¬
matic catalysis is still in its infancy.
mechanism of action of lysozyme

20

Investigations into the

has provided insight into a

general pathway by which optimal binding of the substrate induces a
conformational change in the substrate that decreases the activa¬
tion energy of the cleavage reaction.
Cliymo trypsin' s mechanism, of action

20

has also been worked out

from X-ray analysis and inhibitor binding studies.

Serine 195 is

thought to be more ionized by a "charge transfer" system involving
asparagine 102 and histidine 57 which acts as a general base catalyst.
However, from model compound studies Kirby

12

has come to the conclus¬

ion that intramolecular general base catalysis, and in particular the
chymotrypsin case, involves only modest rate enhancements insufficient
to explain the catalytic efficiency of chymotrypsin.

Some mechanism

other than general "base catalysis must be invoked to explain the
catalytic rate enhancements.
Pancreatic carboxypeptidase A has a complicated mechanism of
action as suggested by X-ray analysis

20

.

The terminal carboxyl group

of the substrate is bound to arginine l45 , which moves 0.2 nm., and
the R group of that residue is bound in a hydrophobic pocket.

Tryo-

sine 2U8 moves 1.4 nm. until its hydroxyl group is near the nitrogen
of the amide bond.

Zinc, bound to the enzyme, is coordinated with the

carbonyl oxygen of the amide bond.
polarizes the carbonyl group.

The zinc atom both orients and

Glutamine 270 moves towards

the carbo¬

nyl carbon attacking it with cleavage of the amide bond, while

1

2

tyrosine 2h8 donates a

proton to the nitrogen forming a free amino

acid and an enzyme-peptide complex.
by vater,

The complex is then hydrolyzed

Evidence for the covalent intermediate comes from the iso¬

lation of a gamma ester of glutamine 270 upon degradation of the en¬
zyme which has been treated with bromoacetyl-N-methylphenylalanine, a
substrate analog.
^ 7 13 1
Dr. Coward's laboratory ’ *
5

has been interested in the

mechanism of methyl transfer involving S-adenosylmethionine (SAM).
These enzymes catalyze nucleophilic attack at sp

3

carbon as opposed to

sp^ carbon.
Early studies on these systems

were hampered because SAM is

not sufficiently stable in water to permit thorough kinetic study of
methyl transfer to a variety of nucleophiles.

The following model com'

pound was chosen for study:

ft
R=CH3, C6H , CH30
X=H, N02, Cl, C00R’, CH ,
CH^O, OH (para)
C00R', C00H 5 CH3, H0CHo,
CH NH2

(ortho)

Various nucleophiles, including R0", R N, RS“, I~, and S2°3~’ were usede
"The results can be summarized as follows:
1.

The reaction of sulfonium compounds with oxyanions requires

elevated temperatures in spite of a large negative free energy of reac¬
tion; i.e., a large energy of activation is associated with the process.
2.

The sensitivity of k

to electronic substituent effects on

the sulfonium pole is not unusually large (p=1.5).

3
3.

A large solvent effect, together with the increased pK

of

amines in acetonitrile, results in the facile reaction of amines with
sulfonium compounds at lower temperatures in that solvent.
A.

The sensitivity of k^ to electronic substitution effects

on the sulfonium pole in acetonitrile (P=1.6-1.7) agrees veil with that
for k_„ in water.
5.

The Bronsted 0 value (0.35) obtained for reaction of a

series of amines with (p-nitrophenyl)dimethylsulfo'-ium perchlorate in¬
dicates that the transition state is formed early along the reaction
coordinate.
6,

The Swain-Scott

’s' value (l.l) for reaction of inorganic

nucleophiles with this sulfonium compound leads to the save conclusion.
Softer, more polarizable nucleophiles react more readily than harder
nucleophiles.
These findings lead to the conclusion that the transition state
occurs early along the reaction coordinate resembling an 0 2 reaction.
It is important to note that the arrangement of S, methyl, and nucleo¬
phile must be linear.

Another important concept is the large solvent

effect. Both concepts are important to keep in mind when devising a
catalytic pathway followed hy a SAM requiring enzyme.
A serious drawback to the above work is the use of elevated
temperatures and/or nonpolar solvents. In order to study general base
catalysis in SAM dependent reactions, a variety of added buffer species
would be necessary, precluding the use of nonpolar solvents.

Hence,

it was decided to study facile intramolecular methylation reactions.
Surprisingly, it has been difficult to find such reactions because of
the necessary collinear approach of the nucleophile.

h
The first reaction tried was
*

SC-XH

-//“t

7a

the endocyclic reaction 1.

[§Cxc«

+• H®

(1)

2_vas exceedingly stable to conditions favorable to nucleophilic attack.
Inspection of molecular models demonstrated that a linear approach vas
impossible.

6.11

The nucleophilic arm of :2 vas lengthened -

in order to allov

the necessary linear approach of the nucleophile (equation 2);

(2)

O. hi
■-L

3 a XH=NH
b XH=CH2

In dioxane 3a reacted about

ho

times more rapidly than an equimolar

concentration of 3b and piperidine.

This is the first example of an

endocyclic intramolecular alkylation reaction.

Unfortunately„ 3s.

would not react in aqueous media precluding the use of buffers.
vas chosen for its rigidity which should facilitate the
reaction of equation

Unfortunately, although a successful multistep

5

synthesis preserving the chirality of S was carried out, the reaction did
not proceed in a variety of protic and aprotic solvents.
magnetic resonance spectroscopy failed to show any

Since nuclear

ylide formation of

_5 as measured by exchange of the methine proton in 0.01 M

O.K N

NaOD in deuterated methanol, the stability of k_ is not explained by nonreactivity of the sulfur center by ylide formation.

lf

A second explanation

involves steric repulsion between the nucleophile and the methylene protons of C^, C^, Cg and Cq as seen in the adamantine series

10

.

A third

reason is that molecular models predict an approach that is somewhat less
than 20° from collinearity, which might not he tolerated by an S 2 mechanism,
IJ
Because of the difficulty with endocyclic reactions, attention
.

was turned to exocyclic reactions such as reaction 5

Ciij

V-5®

SCl-3
R.

x ^

^

X

,

fOV r (5)
° J

x

(!G
6 R~H, CH,
X-H, NO

6

(jp)

Nucleophilic attack of methylene ca,rbons follow similar kinetic rate equa¬
tions with the quantitatively similar rate constant.

6 showed a first order-

dependence on hydroxide at low pH; yet no dependence at high pH, as might
be expected with the participation of an ionizable group with a pK -13.
a
However,

6_ reacted too slowly in aqueous media to he studied further.

Furthermore, although 6_ reacted fast enough in aqueous methanol; pH
drift in the mixed solvent system led to unreliable pH readings.

6
In order to increase the reaction rate, a more rigid bicyclic

/

molecule 7 was prepared.

SCH-

r:h

A

A

©

h
(6)
HO
NO r.

Instead 7 did not show any decrease in the pnitrophenyl sulfonium elec¬
tronic absorbance when placed into the \isual conditions.

It has been

suggested that it might have remained unreacted, or it might have been
hydrolyzed (equation 7)«

j
/S
-> ,.../ U+
fO

/5D
A
r>ft~0
&

IjsO

,,
HO

*-s;

O
b-v/o.

Considering the success of 6, a less rigid analog of 7 was prepared (equation 8).

7

SCH,

WO,
JN
+ LOJ
T

o

h-

H®
(8)

A/0.
8_ reacted readily at 25°C in water over a wide pH range.
fits the general rate law k +kTT „+k_„(OH-)
O

to zero buffer concentration.

HpU

OH

The "k

OH

The rate law

where k
is k , , extrapolated
“ ~ “o
“obsd

" term really applies to the ioniza-

tion of the ring hydroxyl since the exo compound 9 is inert.

9

f

It is of prime interest that the reaction depicted in equation 0
shows dependence on the buffer species.

A Bronsted plot of the

second order k^ versus the pK^ of the various oxyanion buffers
yielded a value of 0.21.

Also a solvent isotope effect

used

^/k^ q=1.37

which is expected for a nucleophilic reaction catalyzed by a general
base with a transition state early on the reaction coordinate, was
measured. However, no product analysis was done.
Possible side reactions for the reaction are the following
/

13

(equation 9)*

—/— M c fi

-p f ( ) i

■j

O—

~J

/.

r

<&

or3

Ho,

4Ho

/I 7 "4

(i o

© ~fiV c

rd

1

A/C'-.

(9)

/"7\

( O )— A p ,

^5

(The nucleophile is either an amine or an oxyanion).
It became important to determine the relative importance of the three
putative competing reactions since all have the same change in elec¬
tronic absorption spectra, which is the method used to follow the reac
tion.

The nucleophilic attack on 10_ is 20 times as reactive as 11

by K-methylmorpholine.

cti3

y CH

s@

0
N°1
10

C¥><^

s®
J
/
Wo
11

A

8

Since the reaction of 11_ is analogous with pathway c and 10_ is ana¬
logous with pathway b, it seems that pathway c plays a small role
in equation 9.

That is not completely unexpected since methyl

groups are attacked more readily than methylene groups in S^2 reac¬
tions.

9. is known to react with amines to give an approximation

to pathway b since pathway a is not possible with the hydroxyl in
the exo position.

This measured rate of low buffer concentrations is

small compared to the endo reaction at similar buffer concentrations.
Most recently, product analysis became possible with the gas
chromatograph-mass spectrum. The products with amine nucleophiles
are those expected from a combination of pathways a and b.

In

contrast, the products with oxyanion nucleophiles are those ex¬
pected from pathway a.
I became interested in models for catechol-O-methyl transferase (COMT, EC 2.1.1.6).

Cohen" has studied a phenol model in

which the leaving group was mesyl, acetate, or phosphate.

{?<

/?y

Rtf

Hx

where R is methyl or hydrogen.

(10)

He found that cyclization followed

simple first-order kinetics with k ,
=L, -(L, ») +k^,
where
obsd PhO
PhO
PhOh
f
h
5
PhO
is the fraction of phenol that is ionized.
kph0“ vas 10 ~10
greater than kp^Qjj*

Then they studied k^Q- versus the

of the

conjugate acid of the leaving group obtaining a linear log-log plot.
Of particular interest is their kinetic study of the "trimethyl lock"

9

compounds.

The mesylate (Rg=H, R^=R^=R^.=Rg=CH^) showed a k^^- “

2,05x10'’ sec
had a

PhO

whereas the unsubstituted mesylate (R^=Rr=Rg=R^=Rg=H)

”= 0.237 sec ^, a 10^ fold decrease in rate. They believe

the million fold rate enhancements of the "trimethyl lock" compound
is due to partial conformational freezing of the side chain to that
conformer most closely resembling the transition state. However,
the rate enhancement appeared to be in the AH+ term.

Recently, alter-

g
native explanations have appeared

that stress, as the dominant fac¬

tor, the release of the pent-up energy of steric repulsion present
in the "trimethyl lock" compounds.
We decided to look at other leaving groups of 12, in particular.

13 is a much better analog to COMT than those compounds studied by
Cohen, which were not even sulfonium compounds.

is also of interest

because it is easy to follow the kinetics of its cyclization reaction
photometrically.

With the knowledge of the kinetics of these two

2
reactions, one can profitably compare these data to Cohen’s data .
The remainder of this thesis is devoted to the synthesis of 13_ and lU
from hydrocoumarin.

10

CHAPTER 2:

SYNTHETIC PATHWAYS AND RESULTS

As discussed in the First Chapter, we were interested in
studying the kinetics of the two sulfonium componds 1_3 and lU.
In this chapter the reader can find a discussion of the synthetic
pathways to these compounds.

The reactions discussed are well-known

reactions that can be found in standard textbooks such as Roberts
and Caserio, Basic Principles of Organic Chemistry, Benjamin, New
York, 1965.

Specific conditions and references can be found in the

last chanter.

Ik

13

The proposed cyclization product 15_ was also prepared according to
2
Cohen's method .

15
In formulating the synthesis of 13_s one usually works backwards.
The methylation of the corresponding sulfide could be accomplished
by methyl iodide in formic acid if the sulfide was available.

It be¬

came evident that to make the corresponding sulfide, the phenol should
be blocked to prevent cyclization during the synthetic route.
excellent paper by Buchi
clue.

k

An

on the synthesis of aflatoxin provided the

He used benzyl bromide in acetone catalyzed by potassium carbonate

11

to add a benzyl blocking group to phenols.

(That the benzyl group

can be readily cleaved in formic or trifluoroacetic acid will be
presented later).

Therefore I concentrated on making l6.

16
One general way of preparing thioethers is to make a thiouroniura salt and react that with an alkylhalide under basic condition
I chose to make the thiouronium salt of the phenol 1_T_ since the 5'~
chloro~5’""deoxyadenosine 1_8 was available from Robert Michelot arid
Gary Anderson who prepared it in our laboratory

16

Under basic conditions two equivalents of base are consumed to decom¬
pose the thiouronium salt to the thiolate (equation l).

i-Oz=/

\<ut
IT

urea

(1)

12

18

16

Thus, if the thiouronium salt is available; in principle, one could
make the thioether 3.6.
The thiouronium salt is often prepared from the halide (either
bromide or iodide) which could^in turn be made from the corresponding
alcohol.

Our original intention had been to make the bromide by the

action of PBr_ on the alcohol 19 (equation 3).
3
“~

Then one could react 20 with thiourea to get 17a.

However, as will

be related later, the reaction depicted in equation 3 was not observed
and an alternate was needed.
19 did react with thionyl chloride to give the chloride 21_
(equation h).

19

21

13

The chloride, in turn, can be transformed into the iodide byhalogen exchange (equation 5).

The reaction is driven by the lower solubility of NaCl in the solvent
methyl ethyl ketone.
The iodide 22_ can be reacted with thiourea to give the
thiouronium salt l?b (equation 6).

So far, ve have devised a route to the nucleoside if we could
only make the alcohol Ij?.

2
23 is a known compound , that can be pre¬

pared from the commercially available hydrocoumarin 2k (equation 7).

2k

23

It is at this stage that we want to block the phenol 23, as des¬
cribed earlier in this chapter (equation 8).

(8)
7

i

‘°H

OH

23

benzyl
bromide

This completes the synthetic scheme from 2h_ to 13.

Later in this

chapter the reader can find a discussion of the attempt to make this
scheme work.
We thought that

could be synthesized from the corresponding

blocked sulfide 25 by the action of methyl iodide in formic acid.

25 can be prepared according to a general method of making pnitrophenyl
thioethers from pnitrothiophenol and the alkyl chloride (equation 9K

SH

i

s
(9)

The synthetic schemes are illustrated in Scheme 1.

15

One of the problems vith carrying out any proposed synthetic
scheme is the interaction of other functional groups on the molecule.
Since the phenol is blocked early, one might not expect many side
reactions of importance.
Scheme I
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'o^o
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‘v
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O
OH

j,
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/
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1
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16

23 was prepared "by the reduction of
hydroxide.

by lithium aluminum

It was worked up in the usual way with resulting poor

yields whether tetrahydrofuran or diethyl ether was used as solvent.
Since the reaction is elementary without many theoretically possible
side reactions, it seemed likely that poor yield was a consequence
of the workup.

The precipitate of lithium and aluminum hydroxides

was dissolved in concentrated", hydrochloric acid.

After extraction

with ether, forty or more percent of the product was obtained.

The

product was vacuum distilled at 0.9 torr at a temperature of 135 ~C .
The yield of this clear, viscous sweet smelling oil was 91.2%.
Proton magnetic resonance (pmr), infrared spectroscopy (IK), ultra¬
violet electronic transition spectroscopy (UV), and the known
literature boiling point proved the structure.
The benzyl blocked compound 19 is easily prepared

h

in 76%

yield by reacting an equivalent of benzyl bromide in acetone, using
potassium carbonate

as a basic catalyst.

Of interest is the re¬

quirement for anhydrous conditions and the formation of the aldol
condensation product 2-hydroxy-2-methylpentan-2-one, which is easily
separated by distillation. The structure of 19 was proved by pmr,
UV, 1R, and elemental analysis.
As indicated earlier we thought that the preparation of the

IT
bromide 20_ from 19 should proceed readily.

However, under varying

conditions (0°C to 80°C, no pyridine, catalytic ’amounts of pyridine
and equivalent amounts of pyridine), the reaction gave a high percentage
of unwanted products.

From pmr and. biological data (namely, lacri-

mation in a healthy medical student), the benzyl group was being

17

cleaved leading to the formation of chroman, o_(3-bromopropyl)phenol,
and benzyl bromide.

We decided that other routes might be more

profitable.
21 was prepared by refluxing thionyl chloride 19. m benzene.

3

The product vas vacuum distilled at 1.0 torr at a temperature of
155~63°C. The crude yield vas 93%, but the purified yield vas only
1*9% due to mechanical loss during the distillation of a small amount
of the chloride.
analysis.

The structure vas confirmed by pmr and elemental

Then 23^ vas converted to 22_ in 80% crude yield by stirring

21 with one and one-half equivalent of sodium iodide in methyl ethyl
ketone.

9

The product vas not purified for elemental analysis because

of the suspected lability.

However, the structure vas confirmed by

pmr; and it vas sufficiently pure for further transformations.
17b vas prepared from 22 by refluxing it vith an equivalent
of thiourea in alcohol.
in a 60% yield.

l8

A crystalline white solid vas collected

Its melting point vas 121-125 C.

Pmr and elemental

analysis confirmed the structure.
^
5 11
The preparation of 16 using alcohol-vater as solvent 5
gave
a poor yield (21%).

Other difficulties included using one and one-

half equivalents of 17b resulting in a large amount of disulfide.
In addition to difficulties vith cleaning up the product, it de¬
composed on heating to 70°C.

The structure vas confirmed by pmr,

UV, and elemental analysis.
l6a
Because of the above difficulties a second method

vas

used in which dimethyl sulfoxide (DMSO) vas used as the solvent.
The reactants were added in a one-to-one molar ratio,

elevated tempera¬

tures were not required. After twenty-four hours the reaction vas

18

completed.

The workup and purification were greatly simplified from

the other method with a yield of

The melting point of the re¬

crystallized material was sharp at 123.3-12U,8°C.

Tic, pmr, UV, and

elemental analysis were equivalent to the material made by the other
method.
The overall route from 2h to l6_ has a l6% yield.

All the

intermediate compounds as well as l6_ are well characterized.

Further¬

more, all the workups and purifications are reasonable.
The reaction of l6 and methyl iodide in formic acid^ in a pmr
tube was followed by pmr shifts.
changes were noted:

After seventy hours, the following

the methyl iodide peak shifted from 2.1)4 to 2.87,

the a methyl peak shifted from 3.80 to 3.88, the H' methylene oeak
5
shifted from 2.98 to 3.^2, the benzyl methylene peak shifted from
5.00 to 5.06 ( resonance of benzyl formate ir formic aci d), the

pro¬

ton shifted from 6.36 to 6.2)), and the benzyl aromatic peak shifted
from 7.53 to 7.33 (resonance of benzyl formate in HC00H).
are 4 values with trimethylsilane as standard).

(All shifts

These shifts are

compatible with the sulfonium 13.
Other evidence that benzyl ethers are cleaved in formic acid is
from a reaction of 19 in formic acid.

The benzyl methyl pmr peak

shift from U.8)+ to 5.07 in three days time.

The resonance of benzyl

formate’s methylene protons in formic acid is 5.07.
25 was easily prepared from 21 and pnitrothiophenol in basic
19
alcohol x.

The pmr and UY were consistent with the proposed struc¬

ture; however, it partially decomposed on the preparative tic plate.

19
Initial experiments with 25_ were complicated by the fact that
it is not soluble in formic acid.

The benzyl group was easily

cleaved in trifluoracetic acid (TFA)^" with a half life of 2.6 hours
as followed by pmr.
readily.

However, the methylation does not proceed

The sulfur directly attached to an aromatic ring is not as

good a nucleophile as an alkyl sulfide

21

because of the electron

withdrawing properties of the p-nitrophenyl group.
To summarize the results, previously known compounds 23_, 26,
and 19 were prepared according to literature methods.

Previously

unreported compounds 19., 21, 1Tb, and l6 were synthesized, purified,
and characterized. Previously unreported compounds 22 and 25_ were
synthesized and characterized.

Evidence was also presented, based on

Pmr data, for the preparation of 13.

CHAPTER 3:

EXPERIMENTAL

The experimental details of the previously reported results are pre¬
sented in this section.

The synthesis of 16, 25, and 15 involve a long

series of reactions starting with the commercially available hydrocoumarin.
All reactions were done vith standard equipment and reagents.

All protein

magnetic resonance spectra (pmr) vere done on a model T-60 Varian machine
vith internal trimethylsilane (TMS) as the standard.
stated the solvent was deuterated chloroform (CDCl^).

Unless otherwise
All resonances

are reported as parts per million (ppm) shifts from the internal TMS stan¬
dard.

All ultraviolet electronic absorption spectra (UV) were recorded on

a Cary 15.

The data are described as the wavelength, in nanometers of a

local maximal absorption, followed by the molar extinction coefficient in
parenthesis.

All infrared spectra were recorded on the Perkin Elmer

Model 21 spectrometer.

All resonances are in micrometers (ym).

actual spectra are reproduced in the appendices.

The

Elemental analysis was

performed by Baron Consulting Company, P.0. Box 663, Orange, Connecticut
06^77 •

All data are presented as the experimental, percentage followed by

the theoretical percentage in parenthesis.

Chromatography was performed

on silica gel thin layer plates made by Eastman (13181) and E. Merck
(60F25iO.
Scheme 2 is the synthetic pathways followed.
Synthesis of £-(3-hydroxypropyl) phenol (23).
23 is prepared from hydrocournarin by reduction with LeAIH^ as des-

2

cribed by Cohen .

Diethyl either (600 ml) was freshly distilled over

LiaLH^ into a dry two liter two-necked flask fitted with condenser and
dropping funnel.

LiAlH^ (l-l 1/2 grams) was required to further dry the

20

21

Scheme

II

aj/

4/L^i,fv

N[{.

J

5v

->IO
l~7b

i
ocW<;

It

Y-

oH

oH

22

distilled ether as judged by bubbling and formation of the typical white
precipitate. More LiAlH^ (8.5 grams =0.222 mol) was added to the ether.
Hydrocoumarin (2*0

(29.658 grams = 0.200 mol) was placed in the dropping

funnel being diluted with freshly distilled ether (500 ml).

The hydro¬

coumarin solution was added slowly to the stirred LiAlH^ solution that
was cooled with an ice bath.
bath for seven hours.

Then the mixture was refluxed on a steam

While being cooled by an ice bath, ethyl acetate

(1*0 ml), water (bO ml), and 2 N UaOH

(80 ml) were added sequentially to

the stirred reaction mixture resulting in a greyish gelatinous precipitate.
The mixture was filtered.

Since it was found on previous runs that as

much as two thirds of the desired product could be adsorbed onto the
precipitate, it was dissolved in concentrated hydrochloric acid (100 ml).
Water (100 ml) was added to the acid which was extracted three times
with diethyl ether (100 ml each).

The ether extracts were combined with

the reaction solution, extracted with saturated NaCl and dried over an¬
hydrous MgSO^.

The solvent was removed under low pressure leaving a

0 o torr.
viscous oil which was distilled at 135°C

«

27 *68U grams of a

colorless viscous oil were collected (91.2$ yield).

The literature re¬

ports a 78$ yield using tetrahydrofuran as the solvent.
boiling point is 12*4-125°C '
PMR:

The literature

which is equivalent to the above.

1.82 (quintet; 3 methylene protons), 2.72 (triplet, J=2.5Kz X methy¬

lene protons )3.57 (triplet; J=2.5 Hz; a methylene protons), 5.75 (broad;
hydroxyl protons), 6,6*4-7.23 (multiplet; aromatic protons).
IR:

3.05 (0-H stretching); 7.30, 9-55, 8.07, 9.73 (0-H bending and C-0

stretching); 6.25, 6.32, 6.69, 6.87 (aromatic skeletal in-plane vibrations);
13.3 (C-H bending vibrations seen in benzenes with only four adjacent
hydrogens); 5-l6, 5.27, 5*60, 5.87 (overtones consistently seen with
o-disubstituted benzenes).

UV (ethanol): 216(2120), 27**(2120), 28l(l88o).

23
Synthesis of o_-( 3-propanoi^phenylbenzyl ether (12.).
The phenol functional group on 23 was blocked with a benzyl
group using the general method of Biichi .

23_ (23.^25 grams=.15^ mol)

vas dissolved in acetone (800 ml) dried over anhydrous CaSO^ in a tvo
liter flask, fitted vith an addition funnel and dry nitrogen.

Benzyl

bromide (l8.3 ml=26.3 grams=£*.15l+ mol) in dried acetone (500 ml) vas
placed in the addition funnel.

Anhydrous K2CO3 (50 grams) vas placed

in the tvo liter flask, and the benzyl bromide vas added over fifteen
minutes.

The solution vas stirred at room temperature under dry nitrogen

for sixty-four hours.

A thin layer chromatogram run in vater shoved the

absence of the starting materials.

The mixture vas filtered and the sol¬

vent removed yielding 1(0.25 grams of a colorless viscous oil.
base

The solid

vas dissolved in vater (200 ml) and extracted three times vith

diethyl ether (100 ml each). The ether extracts vere combined, dried,
and the solvent vas removed resulting in another 1j.6 grams of colorless
oil.

A vacuum distillation yielded 5*52 grams of a colorless liquid that

boils at i+3°C

*

"

-L • 2 torr
boils at 175°C *
“ .

and 28.27 grams (j6%

yield) of a colorless oil that

The pmr of the former material vas consistent

vith the aldol condensation product of acetone, 4-hydroxy-l+-methypentan-2one.

The higher boiling material had the folloving spectra and analysis

consistent vith lg.
PI®:

1.80 (quintet; J=3 Hz.; 3-methylene protons), 2.77 (triplet; J=3.5

Hz.; ^-methylene protons), 2.U7 (singlet, hydroxyl proton), 3.50 (a-methylene protons; triplet; J=3.0Hz)

.97 (singlet; benzyl methylene protons);

7.27 (singlet, benzyl aromatic protons), 6.6h~J AiJ (multiplet; other
aromatic protons).
IR: 3.03 (0-H stretch); 7.25, 8.07, 9.60 (0-H bending and C-0 stretching);
6.21*, 6.28, 6.69, 6.87 (aromatic skeletal in-plant vibrations); 13*3

2h

(C-H "bending vibrations seen in benzenes with four adjacent hydrogens);
and l4.4(characteristic of monosubstituted benzenes).
UV (ethanol): 212 (1780), 2?8 (1660).
Elemental analysis: C 79.00 (79.31), H 7.40 (7.49).

Synthesis of cr- (3-chloropropy^phenylbenzyl ether

(21).

21 was synthesized from 19_ by chlorination of the alcohol by
SOCI2 according to the general method of Brookes

3

.

19_ (6.21 grams=.0256

mol) in benzene dried over molecular sieves (12 ml) was added over ten
minutes time to freshly distilled SOCI2 (0.18 ml = 3.34 grams=.0280
mol) in dry benzene (l8 ml) and two drops of dry pyridine.

The result¬

ing solution was refluxed for one and one-half hours and then poured
onto ice.

The benzene layer was separated, washed with saturated NaH^O^

saturated NaCI, and dried over MgSO^.
6.268 grams (93/> crude yield).

The solvent was removed leaving

Vacuum distillation produced a clear
0

yellow oil with boiling point of 155-63 C

*1

f

‘

(49% yield).

PMR: 2.11 (quintet; 3-methylene protons), 2.83 (triplet; J= 3 Hz.; hmethylene protons), 3.50 (triplet,; J= 3 Hz.a-methylene protons),
5.05 (singlet; benzyl methylene protons), 7.33 (singlet; benzyl aromat¬
ic protons), 6.70-7.54 (multiplet; other aromatic protons).
Elemental analysis; C 73.50 (73.69), H 6,48 (6.58).

Synthesis of o-(3-iodopropyl)phenylbenzyl ether (22).
22. was made by halogen exchange of 21. as outlined by Ford-

p
Moore .

Nal (3.00 grams =0.0214 mol), dried by washing with 2,2-dime-

thoxypropane, was added to methyl ethyl ketone (30 ml) purified by
distillation from CaSO^.

The mixture was refluxed for one hour.

25

21 (4.00 grams=.0150 mol) was added to the flask and refluxed overnight.
In the morning a white solid remained.

It was filtered and the solvent

was removed resulting in a yellow oil.

The oil was taken up in diethyl

ether (50 ml).

The inorganic salts were dissolved in water (50 ml)

which was extracted twice with diethyl ether (25 nil).

The ether phases

were combined and washed with 1% Na2S,-,0 , saturated NaHCO^, saturated
NaCI, and dried over anhydrous MgSO^.

The solvent was removed yield¬

ing it.30 grams (80% crude yield) of a yellow oil, sufficiently pure
for the next reaction.
PMR:

2.12 (quintet; J=3.5; 3-methylene protons), 2.78 (triplet; J-3.5;

ff-methylene protons), 3.15 (triplet; <1=3.5; a-methylene protons), 5.03
(singlet; benzyl methylene protons), 7.35 (singlet; benzyl aromatic
protons), 6.67-7.48 (multiplet; other aromatic protons).

Synthesis of o_~(benzyloxy)phenyipropyl thiouronium iodide (17b).
17b is made from 22 and thiourea according to the general method
of Urquhart^,

22 (4.30 grams =3.0122 mol) and thiourea (1.00 gram =

.0132 mol) were refluxed in absolute ethanol (50 ml) overnight.
morning the solvent was removed till a yellow oil remained.

In the

The oil

was triturated with diethyl ether forming a white solid after several
minutes in the refrigerator.
diethyl ether.

The solid was recrystallised from ethanol/

3.116 grams of a crystalline white solid, melting point

of 124-125°C, were recovered (60% yield).
PMR(Dimethyl sulfoxide):

1.88 (quintet; 3-methylene), 2.80 (quartet,

y-methylene protons), 3.17 (quartet; a-methylene protons), 5*07 (sing¬
let; benzyl methylene protons), 7.33 (singlet; benzyl aromatic protons),
6.67-7.55 (multiplet, other aromatic protons), 9*00 (singlet; amine protons).

26

PMR(HCOOH): 1.56 (quintet; fc-methylene protons), 2.36 (triplet;

X-

inethylene protons), 2.74 (triplet; ct-methylene protons) ^.63 (singlet;
benzyl methylene protons).
Elemental analysis: C 47.50 (47.67), H 4.83 (4.94), N 6.80 (6.54),

s 7.71 (7.149).

Synthesis of 3-j(o-benzyloxy)phenylpropyl]--5,-’thio-5'deoxyadenosine (_l£l.
Method I:

5 1.1
*

17b (.635 grams=.00150 mol) dissolved in methanol

(7 ml) vas added to 1.5M NaOH (3.0 ml=.0045 mol) resulting in a clear
solution that smelled like a thiol.

18 (.258 grams=.0009^0 mol) vas

added and the mixture vas refluxed for ten hours at vhich time a CHCl^:
methanol=9:l tie (Eastman plates) shoved no remaining 18 (R -.45).
white precipitate had formed during the reaction.

A

The mixture vas fil¬

tered, and the precipitate (>.200 grams) vas dissolved in methanol, ace¬
tone, chloroform mixture and spotted on a preparative thin layer plate
that vas run in CHC1 :methanol=9.1» The product vas found in the second
band vhich vas eluted with methanol. 0.100 grams of white solid were
recovered.

(21$ yield).

It vas recrystallised from ethanol/water.

The melting point could not be determined because of decomposition of
the product above 70°C.

Tic (Eastman plates: CHC1

:CH 0H=9:l) shoved

only one spot at R^=<,77.
PMR (CDC1 /CH OH): 4.97 (singlet; benzyl methylene protons), 5.50
(doublet;

proton), 7-20 (singlet; benzyl aromatic protons), 6.65-

7.1+3 (multiplet; other aromatic protons), 8.06 (doublet; adenosine
H

2

and Hn protons).
8

PMR(HCOOH): 1,90 (B methylene protons), 2.64^a-methylene protons),

2.98 (H£ protons), 3.80 (H£ proton), 4.52 (proton), 4.92 (K^ proton),
5.00 (singlet; benzyl methylene protons), 6.36 (singlet;

proton),
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7*53 (singlet; benzyl aromatic protons).
UV(CH OH): 26l (13500).
Elemental analysis: C 60.08 (6O.U5), H 5«8l (5*85), N 13.25 (13.56).
Numbers in parentheses refer to the nucleoside l6 with 1/2 mol water of
hydration.
Method II: I6 was prepared according to the general method of Pan
17b (.856 grams=.00200 mol) and l8_ (.571 grams=.00200 mol) were dissolved
in freshly distilled dimethylsulfoxide (DMS0)

(10 ml) under nitrogen.

NaOH (1.5 ml= .006 mol) vas added to the above solution.

The reac¬

tion was stirred under nitrogen and was followed by tic (Merck plates:
CH^0H:CHCl^-9:l).

The reaction was complete after twenty-one hours.

The light yellow reaction solution was poured into water (100 ml) with
the immediate separation of a gummy resin that became crystalline after
standing for one day.

The mixture vas filtered yielding .750 grams

(65$ crude yield) of yellowish crystals.

They were recrystallised

from CH^OH/H^O yielding . 5U8 grams of crystalling white powder (
yield) which melted at 123.2-12U.8C.

By tic (Merck plates; CH_0H:CHC1,,“
3
o

9:l) 16, prepared according to both methods, have identical
.56 as compared to Ill’s

s of

of .26.

PMR(DMSO): 1.72 (quintet; 8 methylene protons), 2.33-3.00 (multipiet;
a,

protons)9 U.13 (doublet; Hj, and

pretons), U.96 (doublet;

proton), 5.11 (singlet; benzyl methylene protons), 5.38 (quartet;
0H^ and 011^ protons), 5.9U (doublet;

proton), 7.29 (singlet;

benzyl aromatic protons), 6.67-7.50 (multiplet; other aromatic protons),
8.l6 (doublet; adenosine

and Hg pretons).

UV(CH OH): 260.5 (8670).
Elemental analysis: C 61.39 (61.52), H 5.87 (5-76), N 12.6U (13.80), 0
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6.25 (6.32).

Repeat* C 61.21 (61.52), H 5.57 (5-76), N 13.06 (13.80)

(Numbers in parenthesis refer to l6 without water of hydration).

Synthesis of o-(benzyloxy )phenylpropyl( p-nitro)phenylthioether(25).
25 was prepared from 21_ and nitrothiophenol according to the general
procedure of Waldron^.

Sodium methoxide (5.0ml of .20 grams in 8.0

ml CH20H=.005^ mol) was added to ^-nitrothiophenol (.630 grams=.00400
mol) in anhydrous methanol (10 ml), cooled to 0°C.
sulted.

A red solution re¬

21_ (1.050 grams=.00400 mol) was added to the red thiolate

solution.
the flask.

Another 2 ml of methanol was used to wash the chloride into
The resultant solution was refluxed overnight.

In the

morning a tic (Eastman plates; heptane:ethyl acetate=9'1) shewed the
disappearance of the "band corresponding to 21_ (R_^=.59) and. the appear¬
ance of a spot at R =.37.

The reaction mixture was subjected to aspira¬

tion removing the solvent.

The resulting red oil was taken up in

diethyl ether and washed with 2N NaOH,

.250 grains were run once on a

preparative tic plate (cyclohexane:ethyl acetate= 9-1) with separation.
.112 grams (45% recovery) were eluted from the plate.
material is as follows:

The PMR of this

PMR: 2.00( quintet; £ methylene protons), 2.92

(quartet; T, a-methylene protons) 5«06 (singlet; benzyl methylene pro¬
tons) 7*32 (singlet; benzyl aromatic protons), 6.74-7.44 (multiplet;
other aromatic protons), 7*92 (doublet; <7=4.5 Hz.;

and

protons).

Attempts to remove trace impurities by additional prep tic resulted, in
decomposition of the desired product.
was obtained.

Hence, no elemental analysis

»

29

Synthesis of

o-(3-mesylpropyl)phenol (26).

£6. vas synthesised according to Cohen's method (2).

23

(l.52

grams=.010 mol) and methanesulfonic chloride (l.OO ml= 1.5 grams=

.012 mol) were placed in freshly distilled pyridine (!) ml) in a
saturated CaCl^-ice vater hath.

It vas stirred for U5 minutes. A

pmr in pyridine shoved an a-methylene proton shift from 3.85 to ^.5*
It vas poured onto ice (20 ml) and extracted with diethyl ether thrice
(10 ml each).

The ether extracts were combined and washed exhaustive¬

ly with aqueous CuCl0 to remove all the pyridine.

The ether was then

washed with saturated NaCl, dried over MgSO^ and removed leaving 1.7
grams of a colorless oil (75% yield).
v
PMR:

2.0*4 (quintet; 0 methylene protons), 2.7*+ (triplet; (? methylene

protons), 3.00(singlet; methyl protons), *4.2*4 (quartet; a methylene
protons), 6.60-7.33 (multiplet; aromatic protons).

Synthesis of chroman (15l)' .

2.6 (1.7 grams -.0075 mol) was dissolved in n-dioxane (15 ml).
1M NaOH (15 ml=.015 mol) was added to the solution.
for 12 hours tic (Merck plates)

After stirring

CH 0H:C_H r=h:1 showed the disappear3
( lo

ance of starting material (R =.59) and the appearance of a spot at
Rf=.77.

The reaction was filtered to remove some pulverized boiling

chips, thrown into ice water (30 ml), and extracted three times with
diethyl ether (20 ml each).

The ether was washed with water, saturated

NaCl, dried over anhydrous MgSO, , and removed leaving a colorless oil.
It vas distilled at *+7-*+9°C*9
.15 m|.

^orr resuqting in the collection of

= .15 grams (15% yield) of a clear colorless liquid.

•
2
l3 torr
literature value boiling point
is 98-99

The

30

PI'®: 1.92 (quintet; H^), 2,'jh (triplet;

) > k. 07 (triplet; II^),

6.5^-7.1^ (multiple!; aromatic protons).
UV (hexane): 28U (2720), 276(2110).
276(2138).

Literature values are 28U(2693),
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APPENDIX jC
PMR

SPECTRA

Pape

Substance

34

i3
Benzyl bromide

35
36

12.
2-hydroxyl-2-methylpropan-2-one

37

21

38

22

39

1Tb (in DMSO)

40

1Tb (in ECOOH)

41

o-(benzyloxyphenyl)propyIthiol

42

o_-(benzyloxyphenyl)propyl disulfide

43

16 (in DMSO)

44

16 (in DMSO + D20)

45

16 (in CDC^

46

+ CH OH)

16 (in HCOOH)

4?

13 (kinetic run in IICcH, i=o)

48

13_ (kinetic run in ECOOH; t~ 3 days)

49

Benzyl formate and benzyl alcohol in HCOOH

50

19 (in HCOOH; t=0)

51

19 (in HCOOH; t=3 days)

52

iZ

53

2_5 (in TFA; t-l/2 hours)

54

29 (in TFA;

55

hours)

26

56

15
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APPENDIX II
IT'/ SPECTRA

Substance

.

Page

£1

59

19

60

16

(Method I)

6l

16

(Method II)

62

15

63
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APPENDIX

III

IR SPECTRA

Substance

Page

Hydrocoumarin (2h)
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Benzyl bromide
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